forces and fluxes will also be presented.
INTRODUCTION

Polymers containing ions have been referred to as
The typical I PMC artificial muscle used in our investigation is composed of a perfluorinated ionexchange membrane that is functionally composited by platinum in a chemical reduction process. Figure 1 shows an IPMC shape-changing (bending in this case) structure under a time variable voltage signal of 2 volts.
As can be seen, a shape-changing capability is noted.
The figure also shows a schematic illustration of such an IPMC artificial muscle and its actuation principle. 
Where σ and Κ are the membrane conductance and the permeability, respectively. A cross coefficient is usually 
EXPERIMENTS
The preparation of ionic polymer-metal composites (IPMCs) was carried out in our laboratories. Initially, platinum was loaded within the perfluorinated ionexchange membrane (PIEM) so as to form a composite. proper reducing agent is introduced to metallize platinum within the membrane (see Figure 6 ). As can be seen in Figure 4 , the metallic platinum is not homogeneously formed across the membrane but concentrates predominantly at the interface. The platinum layer is buried deep within the membrane. The underlying principle of platinum metallization is noted below in Equation (3):
Two different types of I PMC muscles, one made with Nafion™-l 17 and the other muscle, herein called ERI-S1, were prepared for the testing and the process information provided in Table 1 . ERI-S1 proprietary artificial muscle is also based upon a perfluorinated ionexchange material with a membrane thickness of -340 μιη.
Surface >
Fig. 4:
A high resolution TEM micrograph shows a cross-section of the typical I PMC respectively. Note that platinum concentration is predominant at the surface, meaning that they serve as particle electrodes. waveform=sine, E app = 1.2 V mis , and frequency of Ά Hz. Table I 
This dimensionless form can be interpreted as the specific force generated by a given applied input power.
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The observed maginitude of the specific force generated is still in the same range as Li + » Na + > (K + , Ca ++ , The measured force under a step voltage of 1.2 volts clearly showing that nearly no decay in the force generated over a period of 2 minutes. The dimension of the IPMC sample is % χ V* inch. In this case, the surface electrode is effectively made to block water leakage. 
